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Ab a tract 
The purpose of the present investigation was to determine the 
charging mechanism of colloidal particles as a function of surface 
properties. Several characterized polymer la tue s were studied 
along with l'i02 and carbon black. The charging mechanism· was 
attri~uted to two fictors! charged surface groups and the bar~ 
particle surface. Different concentrations of surfa·ce acid groups 
along with various types of polymers were examined. 
A commer-cial quality standard particle to be used for the 
calibre tion .of analytical and preparative electrophoresis 
instruments also was developed. It has superior characteristics 
such as shelf life, sharp mobility distribution, and reproducible 
electrophoretic mobility as compared to previously proposed standard 
particles. A polystyrene particle was produced by the emulsion 
polymerization method and then dispersed in a buffer solution 
comprised of ·a surfactant, algaecide, and an ionic buffer. 
2 
e@l l@ hJi l JU'UQl II are aenerally clas si fled according to size 
UH! l~H l htH h ,unlly takl!n to be about O ,001 micron, and the 
tijJjJH tlU lhtH h on the order of 1 micron. The study of the 
l! hl!f l fijllftlJ l h eiopertiea implies the combined effects of m·otion and 
itiulf lHl JhiJijQ"l}na [1], Electrophoresis involves the motion of 
dU!HJh@4 QJ' ,ij~pended material under the influence of an applied 
ettulfh fhJ4, The measured velocity divided by the voltage 
ftleHIUll h tl}~IJ4 the electrophoretic mobility. As the particle 
~u HtfQllfh O~IJ auapending medi:um a plane of. $hear is created 
)!!•!!ff tWQ JtJ't, of the electrical double lay•r. Across this plane 
tJf tiHf fJJ 1Jhqtrical potential develops, known as the zeta 
,#!!tHhl, wJJ.jqb qan be directly related to the c;:harge on the 
,111!hh n,hql}, The magnitude Qf the surface cha.rge on the 
,,1!i§ll i, fijij4tmental for determining the stability and 
nMBISJiUJ p,9i,o·Hu of the ~ystem [21. 
Dt!H'fli~hJ.f O.• origin of charge is relevant for predicting of 
!Bl tili ,r9i,o:Uu of the system. The net charge at the surface of 
iii ,,,Hd9 999'>J'' via two mechanhms: ionization o( any surface 
jlffll IM j.99 f.4f9J:ption (3, 41. Polystyrene latexes with sulfate 
jlffll 99 !it f1J1h~• aoquite their charge by the ionization of the 
Hillil J19v,, iq SQ4 - ions and tho counter ion (generally u+ for 
lff 118HIJ.l§.f hitJU). The ionizatio.n of these groups, ·and so the 
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Abstract 
The purpose of the present investigation was to dotermino tho 
charging mechanism of colloidal p_articles as a function .of surface 
properties. Several characterized polymer latexes were studied 
along with Ti02 and 9arbon. black. The charging mechanism was 
attributed to two fact·ors .· h. d f c arge sur ace groups and the bare 
part ic 1 e surf ace. Different concentrations of surface acid groups 
along with various types of polymers were examined. 
A commercial· quality standard particle to be us·ed for the 
cal ibr·a tion of ~nalytical and preparative electrophoresis 
instruments also was developed. It has superior characteristics 
such as shelf life, sharp mobility distribution, ·and reproducible 
e·lectrophoretic niobili ty as compared to previously prop·os~d standard 
particles, A polystyrene particle wa~ produced by the emulSion 
·polymerization method and then disper.sed in a buff er solution 
comprised of a surfactant, algaecide, and an ionic buffer. 
2 
1. Gonoral Introduction 
Colloidal particles are generally classified according to size 
the lower limit is usually taken to bo about O .001 micron, and tho 
upper sizo limit is on tho order of 1 micron. The ·study of tho 
electrokinetic properties implies the combined effects of motion and 
electrical phenomena [1]. Electrophoresis involves the motion of 
dissolved or suspended material under the influence of an applied 
electric field. Tho measured ve"loci ty divided by the voltage 
gradient is termed the electrophoretic mobility. As the particle 
moves. through the suspending l!ledium a phne of shear is created 
between two parts of the electrical :double layer. Across this plane 
of shear an electrical potential develops, known as the zeta 
potential, which can be directly related to the charge on the 
particl~ surface. The itagni tude of the surface charge on the 
particl• is fundamental for determining the stability arid 
rheolo~ical. properties of the sy~tem [2]. 
Determining the origiri of charge is relevant for predjcting of 
the bulk properties of the system. The net charge at the surface of 
the particle occurs via two mechanisms: ionization of any surf ace 
groups and ion adsorption [3, 4]. Polystyrene latexes with sulfate 
groups on the surface· acquire their charge by the ionization of the 
sulfate groups to so4- ions and the counter ion (generally H+ for 
ion exchanged latexes). The ionization of these groups, and so the 
3 
net charao, is very dependent on tho pH of tho system, At hiah pH, 
polystyron~ will tend to be highly DOJative and a decrease in charge 
will be 0.1.porioncod 11 the pH docro11e1 [51. 
A particle surface will acquire a net charge if there is an 
unequal ad·sorption of oppositely charged ions. Ion adsorption may 
be ~ither positive or negative~ in general, most surfaces acquire~ 
negative charge in an aqueous dispersion, This is a conseqnnce of 
the hydration of the catiOn allowing the anion to become surface 
active. Anions are usually less hydrated because they are smaller 
and more polarizable [31. 
The charging mechanisms that are appli'cable to aqueous systems 
may also also prevail in nonaqueous systems. Even though the 
dielectric constant is much lower .for nonaqueous than aqueous media, 
sufficient ·ioniiation and io, dissociation should occur so that the 
DLVO theory may still be applied, The electrokinetic behavior of 
several well-defined aqueous and nonaqueous systems will be studied 
to determine the charging mechanism by applying classical 
electrophoretic theory. 
4. 
2. Eloctrokinotic Behavior of Polymer Colloids 
2.1 Introduction 
There are i th t attempt to explain several compeiting theor es a 
the h i. ·f c· olloidal size particles. charging moc a·n sm o This 
investigation concentrated 1 colloids because they on po ymer 
for electrOphoretic studies. repres~nt adequate model colloids 
surface characteriza ti.on of their surfaces is 
The 
well 
documented [6, 7, 8, 9] the and recipes bf their conditions 
formulation is kno~n. and in general, their size and refractive 
index make them sui~able for electrophoresis. 
an in. direct means by which th1 surface Electrophoresis provides 
potential On a ·p.article can be determined, This in turn can be 
of charged groups and the adsorption or related tv the presence 
desorption of 'ions on the polymer surface. 
. . .. 
In this work the trends 
· i f electroly.te and in surface potential with varying concentra t on o 
f i are studied• tho pJ;ohrential adsorption or desorption o ons A 
h origin of charge on iatex particles is possible mechanism of t e 
proposed. 
s 
·-
2.2 Exporimontal 
2 .2 .1 La to.ua Studied 
Th_e characteristics of the five latexes studhd are shown in 
Table 2-1. The two polymethylmethacrylate latexes were made in the 
Emulsion .Polymer Institue (EPI) by Tseng employfng the method of 
bottle polymerization. The notable difference between the two is 
that PMMA #1 was polymerized with the initiator sodium porsulfate 
while PMMA #6 was initiated with AIBN, which is nonionic and oil 
soluble. The distincti"on is that PMMA #1 will have surface sulfate 
groups and PMMA #6 wil 1 have none. The other three latexes, 
polyvinyl toluene (PVT) , viny 1 toluene-tertiary-bu tyls tyrene copolymer 
and 357 nm polystyrene were obtained from Dow and were polymeriz:ed 
using sodium persulfate as the initiator. 
The water that was used as the dispersing medium was distilled 
and deionized. The ethyl alcohol (Pharmco) ·was 200 proof and was 
used as received. 
2.2.2 Particle Size Determination by Electron Microscopy 
Transmission electron microscopy for· the CS and V2 latexes was 
carried out using a Phillips 300 electron microscope. La tei: samples 
were prepared by diluting (one drop of the concentrated latex in 
10-12 ml of dhtilled-deionized water (DDI). The diluted sample was 
then placed on a .stainless steel grid, prepared with a carbon-coated 
6 
La tei: Size(nm) -Initiator 
PVT 2020 
Copolymer 770 
PMMA#l 465· 
PMMA#6 199 
357 PS 357 
AIBN 
2 ,2' azobis 
(isobutyro-
nitrile) 
Polymer 
Polyvinyltoluene 
Vinyltoluene-
tertiary-
butylstyrene 
Polymethyl-
methacrylate 
Polymethyl-
methacryla te 
Polystyrene 
Comments 
Dow La tei: 
Dow Latex 
EPI 
EPI 
Dow Latex 
Table 2:..1: Characteristics of the Latexes 
7 
p.olyvinyl formar film, and al lowed to dry at room temperature in a 
·dust-free atmos. phere. The · id th· gr s were en examined by mlcroscopy, 
and photographs were taken from different regions of the grid. 
The electron micrograph negatives were printed and enlarged, 
and particle size was determined by measu· ri_ng · 1 approx1ma te y 100 
particles on the Carl Zeiss image analyzer model MOP-3. The data 
was analyzed by a computer program to determine the numb.er and 
weight average diameters of the latex partic.les. The number average 
is given by 
(2.1) 
and the weight average diameter is given by 
Dw = [~ Ni Di6 If Ni Di3Jl/3 (2.2) 
where, Ni ' is the number of species i w_i th d_iameter Di. The 
polydispersity index is then computed o the ratio of Dw to Dn. 
2.2~3 Electrophoresis Measurementt 
Electrophoretic mobility data was obtained using two 
instruments produced by the Pen Kem Company' the model SOO and the 
Sy.stem 3000. The p K so· 0 
. . en em uses a rectangular ~ell ~ounted on the 
stage of a microscope. Th t · 1 e par 1c es are illuminated by a laser 
8 
l 
light source and the particles are observed at a 90° angle to the 
light source [10]. 
The cell contains two electrodes enclosed in th.e chamber and is 
filled with a syringe. About 25 ml of a sample dispersion are 
measured at a time. Care must be taken not to form any bubbles when 
injecting the sample [10]. 
The microscope is focused at the zero solvent flow lev~L 
Inside the microscope is a rotating prism that causes the observed 
image to move horizontally to the plane of vision. When a voltage 
gradient is applied, the particles move horizontally and the prism 
can be rotated until they appear stationary. The instrument 
displats the ~eta potential as calculated from Smoluchowski's 
equation. This value can then be converted· to electrophoretic 
mobility and ·the .zeta potential can be recalcuiated using more 
rigorous methods [10]. 
The Pen Kem 500 is very good for determining the average 
mobility value because an entire particle cloud is viewed 
simultaneous.ly. The instrument is limited, however, with respect to 
nonaqueaous systems and partic;le .sizes less than O .1 µm. 
The Pen 'Kem System 3000 is a· fully automated electropho:r;esis 
instrument that .reduces operato·r induced error. A circular 
9 
capillary eel_! is immersed in a constant temperature water bath. A 
vertical laser light passc:,s through the cell and the image of the 
particle is rotated 90° onto the surface ol a rotating disk 
containing a precision radial grating. 
particles is observed as a frequency shift. 
The velocity of the 
A voltage gradie~t is automatically applied across the cell and 
the polarity of the electrodes is reversed for each measurement. A 
Fast Fourier Transform Analyzer computes a frequency spectrwn from 
the doppler signal and then averages suc.cessive spectra to obtain 
the electrophoretic distribution. 
calculated by the instrument [11]. 
-
10 
An average mobi11ty is also 
2.3 Results and Di1cu11ion 
2.3.1 Calculation of Zeta Potenti•l 
· h t · mobil1' t·y· was converted to zeta potential The electrop ore. 1c 
d Sh [ 6] employing ·the method of using the table of Ottewill an aw 
Wiersema [12] and Wiersema et al. [13], These tables give the 
m_obili ty as a function of zeta potential- and Ka for aqueous systems, 
Wiersema treated his results in terms of dimensionless variables. 
·t wh1'ch is Ka, is given by The quant1 y q0 , 
where, 
=·[2e2Ncz l\a 
[lOOOk T ee~J 
e = fundamenta-1 charge of an electron 
N = Avagadro's number 
~ - di~lectric constant 
eo = dielectric constant in a vacuum 
k - Boltzmann constant 
T = temperature 
~=particle radius . . 
c = average electrolyte concentrat101;1 
= valence of the negative ion z_ 
The dimensionless electrophoretic mobility is given by 
where, 
E = ·6 ,r. Tl e 
a k T 
u 
-· X 
U/X = electrophoretic mobility 
1\ = viscosity 
The dimensionless zeta potential is giv·en by 
11 
( 2 .3) 
(2.4) 
Yo "" .!.J. (2.5) 
1:T 
The tables. of Ottewill and Shaw were converted to their 
dimensionless form a ..nd then converte·d ·b '- t th di ac~ o e mensionalizied 
form using the parameters of the system being studied. J,inear 
interpolation was used to determine the zeta potential for a given 
Ka and mobility. This approximation is acceptable because the zeta 
potential function is. flat between the given values of Ka. Using 
this method the tables c·an be applied to a·ny nonaqueous system. The 
dielectric constant(e) and th_e v.iscos1·ty(n) · b 
., were o tained from the 
data of Ak:erlof [14]. 
This method gives the t l mos comp ete treatment for calculating 
zeta pote.ntial at the pr.esent time because 1· t takes into account 
retardation and relaxation effects .• Wiersema et aL took these and 
other factors ·into account by solv·1·ng ei·g·ht · simultaneous equa.tions 
with fifteen boundary conditions. 
2.3.2 Electrophoretic Mobility Results 
The. electrophoretic re.sul. ts for ·3 57 nm polystyrene lise.d for 
comparison were obtained from the work done by c. M. Ma [15] and the 
results for the other four late·e·s i·n 
• water were collected by Beth 
Baumert, a summer research student. Th · e zeta potentials of the five 
latexes as a function of eth.ano.l concentration in water are shown.in 
Figure 2-2. The copolymer and the pQlyvinyl toluene (PVT) show a 
12 
great increase in zeta pot~ntial with increasing ethanol 
concentration. This behavior can be associated with the interaction 
of the ethanol with the polymer surface. A hydrophobic surface will 
ex.hibit a strong interaction between the polymer surface and the 
carbon chain attributed to Van der Waals forces. This interaction 
reduces the tendency of the oxygen to act as a proton acceptor and 
results in an increast of the electronegativity of the surfac~ (see· 
Figure 2-1 below). 
CH3 - C8i - OH 
ethanol a"S a 
proton acc~ptor 
Figure 2""'1: 
hydro_phobic 
surface 
OH 
I 
C~ - Clli 
hydrophilic 
surface 
E.t?ianol Adsorption onto A Surface 
.The converse is true of a. hydrophilic surface. Previous work 
has shown that Ti02 [15] and certain carbon blacks [1 SL which are 
hydrophilic in nature, exhibit sharp decreases in negative zeta 
potential with increasing ethanol concentration. These results lead 
to the conclusion that the oxygen of the ethanol is a strong proton 
acceptor. 
Figure 2-2 shows that the 357 nm polystyrene remained almost 
~onstant with increasing alcohol concentration. The two 
polymethylmetha·crylate- latexes clearly show a difference in the 
13 
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magnitude o_f zeta potential. PMMA#6, which was polymerized with the 
nonaqueous initiator AIBN, has a much lower charge which can 
attributed to the absence of surface groups. PMMA#l, however, 
displays a higher zeta potential which can be explained by the 
presence of sulfate groups.- PMMA #1 should also be more hydrophilic 
in nature than PMMA #6 due to the fact that it has surf ace groups 
arid PMMA #6 does not, but apparently this difference was not great 
en6ugh to make a difference in their electrophor~tic behavior. 
Figures 2-3 and 2-4 show the zeta potential as a function of 
sodium lauryl sulfate (SLS) in water and etha.nol respectively. In 
water all fi~e latexe~ exhibit similar behavior by first decreasing 
and then increasing in zeta potential at Sxl0-4 M SLS. The increase 
in negative cha~ge shows preferential adsorption of the lauiyl 
sulfate ion in water. This is due to the hydration of the Na+ ion. 
Cations are more likely to become hydrated than anions, thus 
reducing their ability to be surface 11ctive [3]. In ethanol, 
however, 
+ . the Na ion shows a strong affinity for aU the latex 
surfaces other than polystyrene. The de.crease in charge for the 
polystyrene latex may be due to double layer compression! The Na+ 
ion loses its hydration and is free to adsorb on-to the polymer 
surface .• 
+ 
Polystyrene does not exhibit an affinity for the Na ion, 
which will beco_me more ob.vious in later results. Again, the 
difference between PMMA #1 and PMMA #6 is clear. PMMA #6, without 
surface acid groups, yields a lower zeta potential than PMMA #i. 
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SLS CONCENTRATION IN ETHANOL 
Zota potential. vs. NaCl concontra tion in wa tor is shown in 
Figuro 2..,.5 and in ethanol in Figuro 2-6. Figure 2-S clearly shows 
two effects on the charging mechanism of _polymer colloids, the first 
effect is due ~o the presence of surface groups, and the second is 
duo to tho distinct material properties of the various polymers 
surfaces. At concentrations abovo 10-4 NaCl tho Cl- ion bec·omos 
surface active with polystyrene, copolymer and polyvinyltoluone. 
The shai;-p decrease above 10-2 M NaCl is probably due to compression 
of the double layer. In ethanol compression of the double layer 
occurs at electrolyte concent-rations an order- of magnitude greater 
than in water. The PMMA latexes show no affinity for the Cl ion 
and the presence of strong acid gr_oups results in a higher negative 
zeta potential. In ethanol ( shown in Figure 2-6) , the Na+ is not 
hydrated and becomes surface active for all the latetes except 
polystyrene. The distinction between the presence and absence of 
-surface groups is present in P.MMA #1 and PMMA ·#6. 
Zeta Potential versus HCl concentration in water is givon in 
Figure 2-7. Tho hydrogen proton is prefo·rent:ially adsorbed over the 
Cl- ion to. the extent that the polyvinyltoluene turns positive above 
10-3 M HCI. .Competitive a~sorption is occurring where the H+ proton 
is more surface active than tho CC. In the previous examples, the 
cation was not free to adsorb in water because it was hydrated; but 
+ the H proton, due to its smaller size, is free to become surface 
active. In ethanol, as shown in Figure 2-8, the proton continues to 
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continues to be surface active. All the latexes show a decrease in 
zeta potential wi:th increasing. HCl concentration. The polystyrene 
exhibits a strong _affinity for the positive ion, with a change in 
the sign of the charge at 10-'3 M HCI. In earlier results the 
. + positive ion, Na , was not surface active. This can be viewed as a 
material property 6f polystyrene. 
Figure 2-9 and 2~10 sho~ the effect of NaOH on zeta potential 
in water and ethanol. Polyvinyl tol ue·ne, polystyrene, and copolymer 
show preferential adsorption of the hydroxyl ion in water while both 
the PMMA latexes remain relatively indifferent to NaOH 
concentration. A dominant feature of the results j.n ethanol is a 
sharp decrease ir. zeta potential with increasing concentration of 
NaOH. This observation is comparable to the result~ shown in Figure 
2-8. Again, this is due to sodium adsorption. 
The nature of ion ad_sorption in ethanol and. water is well 
contra.sted in Figure 2-11. Polyvinyltoluene has a strong affinity 
for the anion in water while in ethanol the decreas·e in negative 
charge is the result of cation ad~orption. In water the sodium ion 
is hydrated, i.e. it is surrounded by water molecules, while in 
ethanol it loses its hydration and is able to become surface active. 
In addition, the differ-ence in the rate -of double layer compression 
between water and ethanol is quite clear. The decrease in zeta 
potential in water occurs around 10--2 M NaCl and at 10...;3 M NaCl in 
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Figure 2-10: Zeta Potential vs. NaOH Concentration in Ethanol 
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ethanol. 
The zeta potential of polystyrene in water and ethanol vs. 
sodill;ID lauryl sulfate concentration is shown in Figure 2-12. In 
both systems ~he anion is preferentially adsorbed. The sodium ion 
is not surface active with the polystyrene latex. This can be 
att.ributed to the nature of the polystyrene surface. Double layer 
compression is present around 10-3 M SLS in ethanol. 
The zeta potential of polyyinyl toluene in the different ionic 
species in water a~d ethanol are shown in Figures 2"..,.l3 and 2-14. 
Similar adsorption behavior is Seen for NaCl, NaOH, and SLS. In 
these systems ·the anion is preferentially adsorbed. Double layer 
compression occurs around concentrations of 5 x· 10-3 in NaCl and 
NaOH. However, in HCl the proton is surface a.ctive. This 
difference can be explained ·by the hydration of sodium in water 
while the hydrogen proton is not hydrated. In ethanol the sodium 
loses its hydration and cation adsorption occurs for all the ioni:c 
species. 
The results for polystyrene in water in Figure 2-15 are 
comparable to the results obtained in -Figure 2-13. The cation is 
surface active when the anion becomes hydrated. In IICl the cation 
can not become hydrated therefore, it is preferentially adsorbed. 
The zeta potential for polystyrene as a function of the different 
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ionic species is shown iµ Figure 2...,16. The sodium ion shows little 
af f.ini ty for the polystyrene surface while the hydrogen proton is 
surface active. The sharp decrease in zeta poten'tial at 10...,3 is due 
to double layer compression. 
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2 .4 Conclusions 
1. The charging mechanism of a po~ymer surface is due to two 
factors: charged surf ace groups and the bare polymer 
surface. 
2. Diffel'.ent polymer surfaces ei:hibi t d_iffe.rent 
electrophoretic mobilities in various ethanol and water 
mixtures as a function of the degree of interaction of 
the et'hanol with the polymer surface. A hydrophobic 
surface will have a strong interaction with the carbons 
in. the ethanol molecule. Th.e oxygen will become less of 
a proton acceptor and the particle becomes more· 
electronegative. The converse is true fo~ hydrophilic 
surfaces. 
3. Polymethylmethacrylate displays a different charging 
mechanism than polyvinyltoluene, copolymer, and· 
polystyrene, 
4. Preferential electrolyte adsorption is different in 
ethanol than in wat~r as a fun~tion of the surface 
properties of the polymer latex. The sodium ion 
preferentially adso'rbs in ethanol for all the other 
latexes other than p~lystyrene while in water it becomes 
hydrated and loses its surface activity. The hydrogen 
ion does not become hydrated and it is surface active in 
both water and ethanol, 
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3. Electrophoretic Mobility as a Function of Alcohol 
3.1 Introduction 
The investigation into the mechanism of the origin of charge on 
colloidal particles is continued iii this study but it has been 
broadened to include particles other than just polymer latexe·s. The 
particles studied were: three commercial grade carbo·n blacks 
obtained from Cabot Corporation; two Ti02 samples, one being a 
reagent grade sample produced by Fisher Scientific and the other a 
purified sample supplied by Du Pont: and three latexes, two 
polystyrene latexes prepared in our lal;>oratory by Ahmed [ 9) and a 
third polystyrene supplied by Dow. 
In this work the emphasis was placed on the difference in the 
chara~teristic properties of the particle surface i~~ .• acid ~roups 
and surface area, and how these affected the electrophoretic 
mobility. The eight different samples were studied in various 
. . 
concentrations of methanol, 1-propanol, and 2-propanol i.n water. 
The effect of sodium lauryl sulfat.e (SLS) in methanol was also 
examined. 
35 
3 .2 Experimental 
The three carbon blacks studied were supplied by Cabot 
Corporation and are shown with the other particles in Table 3-1 • 
The main difference to be noted is the pres.ence of acid groups on 
the surface. Mogul L has a pH of 3 .O which indicates existence of 
more acid groups than Monarch 800 which has a pH of 8 .O. Surface 
analy~is by conductometri~ titration was performed by Cabot 
Corporation and the results ind1cated ·the absence of any strong acid 
groups. 
The two polystyrene latexes made in our lab! V2 and C5, were 
P.olymerized in the presence of a functional monomer· to alter their 
colloidal properties. A .concentration of 10-3 M scdium vinyl-
toluene sulfonate was used in V2 and a concentration of 10-l M COPS 
II (with a sulfate functional group) was used in .C5. The latexes 
were initiated with sodium persulfate as was the 357 nm polystyrene 
latex obtained from D.ow. 
The titanium dioxide obtained from Fisher Scientific was a 
pigment grade Ti02 and was used as received. A second Ti02 sample, 
prepared by the Du Pont Company·, was also studied and previous 
analysis indicated a BET 11itrogen surface area. of 6 .4 Df' / gm [16]. 
This sample was specificaly prepared so that its surface would be 
free from impnri ties. 
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Particle 
Graphon 
Monarch 800 
Mogul L 
357 PS 
V2 
Ti02 (F) 
Ti02 (D) 
S.ize(~) 
25 
17 
24 
357 
521 
Table 3-1: 
2 Surface Charge ( µC/ cm ) 
.none 
3.1 
13.9 
pH 
8.0 
3.0 
Particle Characteristics 
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Supplie.r 
Cabot 
Ca}?ot 
Cabot 
Dow 
EPI 
Fisher 
Du Pont 
3 .3 Results and Discussion 
Tho zeta potential ~s a function of methanol concentration in 
w~ter is jhown in Fijuro 3-1 for tho three carbon black sampl~s. In 
pure water tho more ac_idic Mogul L (pH=3 .0) yields a zeta potential 
that is approximately twice as high as the other two samples. This 
difference is attributed to the presence of a higher concentration 
of acid groups on the surface. Above 20% methanol the three samples 
exhibit· similar zeta potential curves. A slight increase in charge 
is observed up to 60% and then a decrease in surface potential with 
increasing 11:1ethanol concentration up to 100% methano.1. An important 
consideration to mention is the fact that trace wat~r effects were 
not accounted for in any of these systems. Previous work done by 
Micale [16], who studied Ti02 i_n heptanol, and Cooper and Marsden 
[ 17] , who studied trace water effects on polystyrene, 
polytetrafluorolthylene and carbon black in butanol, observed 
pronounced effects due to trace water adsorbed on the surface of the 
sample. The consequence of trace water was no.t allowed for in these 
experiments. 
Figure 3-2 shows the zeta potential of the carbon blacks as a 
function of 1-propanol in water. The more acidic Mogul L is 
relatively ins~nsitive· to 1-propanol con~entratio~ exhibiting a 
rather flat curve. Monarch 800 and Gr~phon show a general increase 
in teta potential with lncreasing eoncentration of 1-propariol • 
.Monarch 800 exhibits a slight decrene at 6°" 1-propanol but shows a 
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sharp incnase at 100,, 1-propanol. This supports previous results 
by Ma [15] that showed a more hydrophobic surface, without surface 
groups, will display an increase in zeta potential with increas ~ng 
a.l coho! concentration. A more hydrophilic surf ace, one with surface 
groups, will increase in zeta potential with inc.reasing alcohol 
concentration. One explanation for these trends can be given by the 
presence of dissociable groups, their concentration, and their 
ability to dissociate in an it;1croasingly nonaqueous medium. A 
second mechanism involved may also be attributed to the degree of 
interaction of the propanol with the carbon bla.ck surface. The more 
hydrophilic the surface, the stronger the interaction between the 
surface and the carbons .in the alcohol chain~ This strong 
interaction ~ulls the ele~trons closer to .the surf~ce and the 
alc6hQ1 bec.omes iess of ·a proton acceptor. This phenomenon is 
ev1,denced by an increase in zeta potential with increasing 
concentration of alcohol. 
Figure 3-3 shows the zeta potential as a function of 2-propanQl 
for .the carbon black. samples. The zeta potential of Mo~arch 800 
generally increases with increasing concentration except for a small 
decrease at 6()1Ji. Graphon displays a similar trend up to 8()1Ji 
propanol where there is ·a ·sharp increase followed by a sharp 
decrease at 10()1Ji. The reason for the decrease at 10°' is not known. 
Mogul L exhibits a slight increase in zeta pote~tial with increasing 
concentration of 2-propanol after a small decrease at 2()1. Mogul L 
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..• -
appears to be. more hydrophobic in 2":"'propanol than in 1-propanol 
shown in the previous figure. 
The zeta potential of the two Ti02 samples (Fisher Scientific 
and Du Pont) as a function of methanol in water is shown i.n Figure 
3-4. Both samples increase with increasing concentration of 
methanol. This result coincides with previoqs work done in ethanol 
[15). The difference between the two samp~es is the magnitude of 
the charge. The. Fisher Scientific sample exhibits a higher zeta 
potential than the Du Pont sample, which may be due to surface 
impur'i ties. The Du Pont sample exhibits a lower magnitude of charge 
than the sample produced by Fisher. This difference is attributed 
to the presence of a higher number of surface groups on the Fisher 
sample. The decrease in zeta potential is associated with the 
depression of the degree of dissociation of io·nizable surface groups 
du~ to the lower dielectric constant of methanol compared to waJer . 
. 
The Fisher Ti02 exhibits similar behavior in 1-propanol and it has 
been proposed that the surface water adsorbed on the surface 
decreases above 9°'. [15] The adsorbed .water decreases the 
ionization of surface polar groups therefore, a decrease in adsorbed 
water would increase the ionizatio.,_ potential of the surface groups 
and would result ln an increase in zeta potential. 
Figure 3-5 -shows the zet.a potential of the three latexes CS, V2 
and 357 nm polystyrene as a function of methanol concentration. CS 
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has the highest number of surface groups followed by V2. The 357 nm 
polystyrene has the smallest number of surface groups. The 
difference in the number of surface groups becomes quite :ev1dent at 
20% and 40% methanol. 'J:?le CS latex, having more· surface groups, is 
more hydrophilic. The affinity be tween the methanol and the ·polymer 
surface decreases with increasing concentration of surface groups. 
This results in a lower zeta potential beca.u~e the ethanol is more 
likely to adsorb a proton. 
The results in 1-propanol, given in Figure 3.-6, show a less 
distinct difference. Each latex decreases in zeta potential with 
increasing l-propanol concentration. The 357 nm polystyrene displays 
the largest increase. The zeta potential of the same samples are 
shown in Figute 3-.7 as a functi_on of 2-propanol. ·cs increases in 
zeta potential from 20% to 60% followed by a small decrease at 80%. 
357 nm polystyrene appears t.o be indifferent to 2-propa·nol 
concentration except for a sharp increase at 80%. The explanation 
for this sharp increase requires further investiga.tion. A definite 
trend is not featured by the V2 latex as the teta potential varies 
between -40 mV and -60 mV. 
Figure 3...,g shows the zeta potential as a function of S1=,S 
concentration in methanol for the three carbon bla.cks. Pret·erential 
adsorption of the sodium ion is present in Monarch 800 as its zeta 
potential decreases for -46 mV at 10-S M SLS to about -28 mV at 10-
2 
45 
'2:1 
-20 .... 
OQ 
s:I 
" 0 
w 
I 
~C5 VI -30 .. 
-> X V2 
N E #357 nm PS 0 
-
... 
ID 
_J 
-40 
"1:1 <! 0 
-... I-0 
= z ... 
.... w 
.... 
ID I- -50 0\ .... 
~ 0 
VI CL . 
~ <! 
0 I-... 
-60 l::r' w ID 
= N 0 
.... 
n 
0 
-70 = n 
0 
= ... 
11 
ID 
... 
.... 
-80 0 10 20 30 40 50 60 70 80 90 100 = 0 
WT% METHANOL IN WATER 
'2:1 
.... 
OQ 10 s:I 
" 0 
w 
I 0 ------- - - - - - - - --- - - - - - -0\ 
.. 
oTi02 (Fisher) 
N 
-
-10 ~C5 
0 >· 
~V2 ... 
ID E 
"1:1 - #357 nm PS 0 -20 
... 
_J 0 <II 
= <! ... 
-.... I- -30 ID 
.... 
.... z 
..J ~ w 
VI I- -40 . 
.... 0 
C> I CL ~ 
11 
<! -50 0 
'O I-Ill 
* = 
w 0 
.... N -60 
~I= 
n 
0 
= n 
-70 <II 
= ... 
11 
ID 
... 
-80 .... 0 10 20 30 40 50 60 70 80 90 100 0 
= WT% .1-PROPANOL IN WATER 
0 
IS) IS) 
·ru ('T) 
I I 
Figure 3-7: 
~ IS) . 
...,. Ln 
I 1· 
(/\W) 
IS) IS) IS) 
CD f'- CD 
I I I 
(/) I~ 
0.... ..c 
(/) 
E LL 
c-
I"- C\I 
L{) C\I L{) 0 
u> r0 i-= Qt:# O· 
IS) IS) 
en CS) 
I 
-
l'VllN310d 'V 13Z 
IS) 
-
IS) 
en 
IS) 
CD 
_J 
0 
CS)" z 
l[") <I: 
0.... 
0 
(SJ 0:::: 
-.;r- ·O.... 
I 
C\I 
-
IS) 
IS) 
N 
-
Zeta Potential vs. 2-Propanol Concentration 
·4s 
M SLS. Graphon exhibits the same tendency up to. 10-4 M SLS and then 
a slight decrease at 10-3 M and 10-2 M SLS. Mogul L, the sample 
•ith the most acidic surface, initially adsorbs the anion up to 10-
4 
M SLS and then the zeta potential decreases from -48 mV to -29 mV at 
10-2 M SLS. 
The zeta potential as a function of SLS in methanoi is shown in 
Figure l-9 fo.r the thr:ee latex samples. The zeta potential of 357 
nm polystyrene and V2 increases with incre!lsing SLS concentration 
and ·then begfos to decrease around 10--:3 M SLS. The increa.se in zeta 
potential is attributed to anion ad_sorption. The results for 357 nm 
polystyren~ and V2 coincide with the tesult~ reported in the 
previous c~apter. The polystyrene surface does not have a strong 
affinity for the sodium ion. The zeta potential for the CS latex 
remai~s r.elatively unchanged up to 10-2 M SLS. Again, the decrease 
at higher electrolyte concentration is a consequen~e of double layer 
compression. The indifference to electrolyte coilcentra tion 
exhibited by CS may be due to the. lack of free polymer surface and 
the presence of surface groups prohibiting any ion adsorption. In 
addition, CS dhplays a lower magnitude of charge than the other· two 
latexes. The presence of surface groups diminishes the interaction 
of the methanol -with the polymer surface which allows th.e methanol 
to be a ~tronger proton acceptor~ 
the zeta potential vs. SLS concentration in methanol is shown 
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in Figure 3-10. The Fisher Ti02 displays a strong ~f finity for the 
anion and more than doubles lts surface potential from 10""'5 M SLS to 
10-3 M SLS. The decrease at 10-2 M SLS is due to double layer 
compression. The pure Ti02 sample displays the same trends at a 
slightly higher magnitude of charge. The absence of surface 
impurities may be the e.xplanati.on for the higher zeta potential. 
There will be a lar·ger number of fre·e sites available for ion 
adsorption resulting in an increase in charge with increasing SLS 
concentration. 
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3 .4 Conclusions 
1. Tho presonco of strong surface acid groups affects tho 
magnitude o.f tho zeta potential and has· a considerable 
influonco on the charging m~ch~nism. Mogul L, which has 
a hig·her concentration of surface acid groups than tho 
other carbon blacks, displays the highest magnitude of 
charges. The high concentration of surface sulfate 
groups on the polystyrene latex CS inhibits the 
adsoiption of ions when in the presence of SLS in 
·methanol. 
2. The charging of a particle is governed by the degree of 
interaction between the particle surface and the 
suspending medium. A hydrophobic surface will have a 
much stronger interaction with the carbon chdn in 
alcohol as compared to a hydrophilic surface. This 
,trong interaction is attributed to Van der Waals forces 
and diminishes the ability of the oxygen to act as a 
proton acceptor. A high interaction will result in a 
high negative charge. 
3. Polystyrene has a weak affinity for the so.dium ion. This 
is considered to be a material property of polystyrene. 
S4 
4. Preparation of an Electrophorotic Jfobili ty _Standard 
4 .1 Inti:oduction 
It has long been realized ·that there i~ a he~d for a standard 
particle to be used in the calibration of both analytical and 
preparative elect·rophoresis. Previously it has been preposed that 
the use of human red blood cells or aldehyde-fixed red blood· cells 
(18] would make suitable standard particles because of t"he 
consistency of their electrophoretic behavior, relative 
insensitivity to trace contaminants and a somewhat prolonged stot~ge 
life for the aldehyde,-fixed cells. However, red blood cells have 
severaJ shortcomings. They have a limited range of buffer 
composition, ionic strength, pH and temperature over which the. cells 
are stable, and they lack an indefi~ite storage lif~. It also would 
be expected that workers, who are not accustomed to handling 
biological samples, would not be enthusiastic about taking on the 
added problem of using red blood eel.ls a_s a standard. It is due to 
these limitations that latex particles were considered as suitable 
particles in t~e development of~ standard. 
To develop a standard it is important to recognize the 
properties that are necessary and desirable for the standard to have 
and to determine how these properties can b~ achieved. The primacy 
characteristics that an electrophoresis particle must possess ar~: 
ss 
- Consistent oloctrophorotic behavior. Tho oloctrophorotic 
properties must not bo t_'imo dopondont. Tho value of tho 
eloctrophorotic mobility should be tho same from one 
measurement to the next over a relatively long- porlod 
(6-12 months). 
- Insensitivity to moderate amounts of contaminants. Tho 
eloctrophorotic mobility of the particle should no_t be a 
function of trace contaminants in distilled water or of 
impurities which may be in the electrophoresis chamber. 
- Good shelf stability. The particles should be resistant 
to mold and bacteria growth and should also be able to 
withstand a wide temperature range. 
- A narrow mobility distribution. A narrow mobility 
distribution makes it easier to define an appropriate 
average value for the particles, more c<;>nvenient for use 
on manually operated instruments, and makes it easier to 
detect problems with the electrophoresis equipment. 
- Ease of .use~ The standard must be in a convenient form 
which does not require lengthy and detailed preparation. 
Ideally, the standard should be kept in a concentrated 
form which tan be diluted for use as needed. 
Convenient ionic strength. Some electrophoresis 
instruments can not operate at ionic strengths above O .01 
M NaCl due to th.ermal convection, electrode gassing, and 
current limitations. The standard must have an ionic. 
strength that will permit .its use on a wide vari.ety of 
instruments. 
- Convenient particle size. Tho particles must be largo 
enough to be visible but not settle. 
- Non-interfering. it is desirable that the standard does 
not contaminate the cell and requires minimal rinsing of 
the coll after its use. 
Monodhperse polystyrene particles appear to offer several 
desirable properties which make them suit~ble for use as standards. 
They are relatively easy to produce, spherical in shape, and can be 
made in a wide range of sizes. In addition,. polystyrene latexes do 
S6 
not, in general, show strong time dependent olectrokinotic behavior. 
S1 
4 .2 Exporimontal 
4 .2 .1 Ma tori ah 
Styrene monomer (Fisher Scientific) was purified by passing 
through a pa·ckod column of activa tod alumina (chromatographic grade, 
Fisher Scientific) three times to remove inhibitors, oligomers, and 
other impurities. Aerosal MA (sodium dihoxylsulfosuccinato) was sa., 
pure and used as received. Tho potassium porsul fa to and sodium 
bicarbonate wore certified grade (Fisher Scientific) and were used 
as received. The ,rater was double-distilled· and deionized, and was 
deoxygenated by boiling and placing under a nitrogen blanket. 
4.2.2 Preparation of the Latexes 
The direct polymerization of the monomer was carried out using 
the tachnique and recipe ot Dezelic [19]. The emulsion 
eolymerization was carried out in 12-oz bottles, which were placed 
in a safety· basket, and were rot.a tod end over· end in a co.nsta·nt 
temperature water bath. There wore eight different compartments in 
the water bath. Therefore, eight different recipes wore formulated. 
The bottles were narrow-mouth glas~ bottles and were fitted with 
screw caps that had two small holes drilled in the top. Each cap 
had a tailox-mado gasket that conshted of a circle of PVC-SBR 
rubber and a small circle of butyl soft rubber. The gaskets wore 
used so that the initiator could b• systematically injected into the 
charged reactor. bottle while keeping the contents sealed from the 
58 
a tmosphoro. Tho -following procedure was carried out to charge the 
ingredients, 
1. Tho dry bottles wore charged with water, emulsifier and 
pH buf for. 
2. Tho requir~d amount of styrene was then added sep_arately. 
3. The bottles were capped and shaken for about 10 minutes 
to on~ure proper mixing and to emulsify the styrene. 
4. The bottles were purged with purified nitrogen using two 
hypodermic needles (one for entry, the, other for exit) 
for 15 minutes. 
S. The required amount of initiator was weighed out and 
dissolved in water. The solution was then injected with 
a hJpodermic syringe. 
6. The bottles were placed in the constant temperature. bath 
at so° C and rotated for 25 hrs. 
The per cent conversions were deteI'.mined by weighin·g the latex 
before and after drying. The percent solids was ca~culated and the 
conversions were very near 1oa., for each sample. 
4.2.3 Cleaning and Size Determination 
The latex was cleaned using the serum replacement technique 
developed by Ahmed [71. The latex was placed in a cylinder cell and 
distilled-deionized water was passed ·th·rough while the particles 
were confined by a nucleopore filtration membrane. This rinsin
g 
technique removed the solute electrolyte and absorbed emulsifiers. 
The latex was considered clean when the conductivity of ·the outlet 
wa tor matched that of the inlet stream. It took anywhere ·from 3 to 
S9 
6 ~~ys to clean 2 to 4 grams of latex in a 400 co cell. 
Electron micrographs of the latexes were prepared as described 
in Section 2.2.2. 
4.2.4 Preparation of the Buffer 
The buff er solution prepared contained a nonionic surfactant, 
an ionic buffer and an algaecide in distilled-deionized water. The 
surfactant was polyoxyethylene(23) lauryl ether (BRIJ 3S) from Atlas 
Chemical Industries and had an HLB of 16 .9. The ionic buff er 
(Harleco) was a comb.ination of sodium barbitol and barbitol acid. 
Sodium azide (Aldrich) of 99' purity was used as the algae~ide. All 
chemicals were used ts received. 
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4.3 Result• and Di~cu11ion 
The recipes, polymerization conditions, ·and the particle size 
analysls are shown in Table 4-1. The first and only latex studied 
was latex L Preliminary size analysis indicated that it was 
monodisperse (coefficient of variation in the mean dh,meter of < 1°' 
[20]) and the particle size was large enough to be detected by 
conventional electrophoresis instruments. Figure 4-l shows the 
mobility histogram of the cleaned latex in distilled-de ionized 
water·. The distribution is very broad and the presense of a 
distinct, sharp peak is absent. The.refore, the ability to control 
the mobility of the particles and narrow the mobility distribution 
is essential. The formulation of a suitable .buffer would allow this. 
BRIJ 3S (polyo_xyethylene(23) lauryl ether) is a nonioni~ 
surfactant. It is synthesized. by adding 23 ethylene oxide groups 
onto lauryl ~lcohol. The reaction is shown below. 
CH3 - rcu2 ]10 - CHOH + L . 
lauryl alcohol 
0 
/\ 
CH2 - C82 
ethylene oxide 
I 
I 
CH3 - [Chi]10 - C82:o[CH2CH20)22 CB2CH20H 
I 
hydrophobic I hydrophilic 
Polyoxyethylene(23) Lauryl Ether 
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Sample Styrene Aerosal MA 1is2os Buffer Water 
#1 20'*' 0.5' 0.1, 0 .125' up to 1001, 
#2 201, 1.0Cli 0.1, ·O .125' up to 100% 
#3 20% 1.5' 0.1, 0.12511 up to 100% 
#4 2ocro 2 ·°" 
0.1, 0.125\ up to 100% 
#5 20% 0 .5'. o.1sqr. 0.125" up to 100% 
#6 201, 1.01' 0 .15' 0.125% up to 100% 
#7 20% 1.5' 0 .15" 0.125% up to 100% 
#8 2Qlro 2 'o«rt 0 .15' 0.125\ up to 100% 
(All reactions wei::e carried out at 50° C for 24 hrs.) 
- I 0 -8 -6 -4 -2 0 
DOI u = 2.8 
Table 4-1: Recipes for Various Latex Samples 
Figure 4-1: Electrophoretic Mobility Histogram in DDI 
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In aqueous dispersion of polystyrene, tho hydrophobic part 
(huryl other) will attach itself to tho hydrophobic surf.ace of tho 
polystyrene while tho hydrophilic part, ethylene oxide, will extend 
into tho aqueous medium. 
The -mobility distributi.on of the P.S. late::r. in BRIJ 3S 
surfactant is unchanged and remains relatively sharp as a function 
of B.RIJ concentration in DOI shown in Figure 4-2. Tho critical 
micelle concentration (cmc) found in the li teraturo is 6 ;0 ·::r. 10-S· M 
at .2s° C [21). The concentration of BRU 3 S at O .S wt~ is 4 .2 ::r. 
10-3 Mand 8.4 x· 10-S Mat 0.01 wt". At these concentrations the 
surfactant_ is present in two forms: in micelles and in solution. 
The addition of electrolyte, in this case sodium· azide and sodium 
barbital, furthe1 reduce~ the cmc in a surfactant system [22]. The 
following mechanism for adsorption can theri be proposed; the 
surfactant is adsorbed from solution onto th~ particle srirface and 
as the concentration in the .bulk medium is depleted, the. surfactant 
molecules will leave the micelles and go irito solution. 
The effect of sodium lauryl sulfate (SLS) was also examined at 
various concentrations in water. The mobility distributions are 
shown in Figure 4-3. The average mobilities are higher than in BRIJ 
3S but the distributions are very broad and a distinct peak is not 
present. The reason for. this difference in performance is not 
known, but ·a cosurfactant system that would allow for the control of 
64 
- I 0 -8 -6 
- I 0 -8 -6 
-1·0 -'8 -6 
Figure 4-2: 
-4 -.2 
-4 -2 
-4 -2 
0 
0 
0 
0. 5 wt% Brij 
u = 3.3 
0. I wt% Brij 
u = 3.5 
0.0 I wt% ·Brij 
u = 3.6 
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6S 
both the average mobility and the dectrophoretic mobility 
distribution at the same time seemed possible. This was attempted 
in Figur~ 4-4. but the results are not very positive. At a high 
ratio of SLS to BRIJ 35 the effects of SLS are predominant, 
resulting in a high average mobility and a broad distribution. In 
an equal concentration of SLS and .BRIJ 35 the results are similar 
i.e., a broad mobility distribution and the absenc·e .of a distinct 
peak.. The addition of 0.01 wt~ SLS to q.5 wt% BRIJ 35 has little or 
no effect on the mobility. Pie electro.phoretic mobility and the 
mobility distribution .are ideutical to what ·was obtained for BRIJ 35 
alone. 
The pre sense of the other components in the buffer, sodium 
azide and sodium barbi to!, produce no adverse effects on the 
performance of the standard. The standard is prepared in a 
concentrated form and diluted by a factor of 30. The compositi~n of 
the diluted and concentrated forms of the buffer are shown in Table 
4-2. The ionic strength of the buffer in the concentrated form is 
10-3 which is adequate to neutralize a small amount of impurities. 
In addition to producing very sharp and uniform distribution, 
the buffer also yields extreme~ly reproducible results. The results 
of five consecutive measurements on separate samples of the latex 
are given in Table 4-3. The standard deviation is 2 .2 x 10-2 (µm 
cm/V sec). Also in Table 4-3 are similar data of two other colloids 
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Figure 4-4: Electrophoretic )fo~ility Histogram in SLS and .BRIJ 35 
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Material Concentrated(wt%) ·Di1uted(wt%) 
BRIJ 35 0.251% 0.01% 
Sodium Azide 0.151% 0 .005% 
·sodium Barbital 0.061% 0.002% 
Latex Particles 0.03% 0.001% 
Water up to 100% up to 100% 
Table 4-2: Materials and Concentrations 
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for comparison, 1100 nm polystyrene and pigment grade· Ti02 • The 
standard deviations of these samples, 1.85 i: 10-l (µm cm/V ·sec) and 
i .65 x 10"'"1 (µm cm/V sec) respectively, are an· order of magnitude 
larger than the standard. This illustrates the superior 
reproducibility of the latex standard over most dispersions. In 
addition, the error in the mobility measurement, which is a measure 
of the variance of the mobility distribution, is much less for the 
standard indicating a much tighter, more uniform distribution. 
The standard h easily observable in the Pen Kem 3000 and the 
Pen Kem 500 and equivalent results were obtained on. both 
instr.uments. The standard has been tested under concentrated 
Ho.rage conditions for two months and the. mobility value and the 
distribution have remained constant. In addition, it has been 
determined that the use of this standar4 does not affect subsequent 
measurements after the cell has been iinsed with water and acetone. 
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Sample: Standard Lat.ex 
Standard Deviation in Mobility: 2. 2 .x· 10-2 
Mobility(µm cm/V sec) 
-:3 • 71 
-3.75 
-3.70 
-3. 75 
-3.73 
Error 
1,06 X 10-2 
1.38 X 10-2 
1.27 X 10-2 
7'.16 X 10-3 
8.27 X 10-3 
Sample: 1100 nm Polystyrene Latex in 10:-3' M SLS 
Standard Deviation: 1.85 x 10-l 
·Mob'ility(µm cm/V sec) 
-5.48 
-5.49 
.~s.11 
-5.73 
-5.70 
Sample: Ti02 in 10-
3 M SLS 
Standard De~iation~ 2~65 x 10-l 
Mobility(µm 
-'L99 
cm/V sec) 
-2.27 
-2.57 
-2.73 
-2.69 .. 
Error 
3.79 X 10-2 
3 ,84 X 10-2 
6,89 X 10-2 
2.00 X 10-2 
2, 71 X 10-2 
Error 
-2 2.35 X 10 
. . . -2 
2,65 X 10 
2,41 X 10-2 
1,64 X 10-2 
1 ~ 71 .x 10-2 
Table 4-3: Electrophoretic Mobility Resul~s 
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... 4 Concluliona 
1. A standard particle to calibrate analytical and 
prop.arativo electrophoresis inatrumonta has beon 
prepared. Tho particle h a monodisporso polystyrene 
latex dispersed in a buffer solution. 
2. Tho mobility distribution 
eloctrophoretic mobility is 
measurement to the next. 
is narrow 
cons is tent 
and 
from 
the 
one 
3. The shelf stability of the standard is good. After sixty 
days of storage in the concentrated form there are no 
signs of mold of bacteria growth. 
4. The ionic strength of the sta.ndard in tho diluted form is 
low enough that gassing at the electrodes and thermal 
convection will not occur· in common electrophoresis 
instruments. 
5. The particle siz~ is large eno~gh to be visible in 
manually operated electrophoresis instruments as well as 
automated ones ·and small enough so that settling does not 
occur. 
6 ~ Previous electrophoresis standards tended to adhere to 
the c~ll wall and contaminate the cell chamber. The 
developed standard particle does not affect subsequent 
measurements after a simple cleaning procedure. 
7. Ease of 
standard 
needed, 
use h~.s been accomplished by preparing the 
in a coilc~ntrated ·form that can be diluted· as 
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